Background {#Sec1}
==========

Microalbuminuria, typically defined as urinary albumin excretion (UAE) of 30--300 mg in a 24-h urine sample, corresponds to a subclinical microvascular derangement in the glomerular filtration barrier that precedes overt diabetic nephropathy \[[@CR1]\]. It has been well-established that increased UAE, even below the threshold values usually considered for microalbuminuria, constitutes an early marker of microvascular damage and a potent predictor of cardiovascular morbidity and mortality \[[@CR2]\].

Apart from diabetes, hypertension represents a major risk factor for increased UAE. When both diseases coincide in the same individual, which is typically the case for the vast majority of patients with diabetes mellitus type II (DMII), the risk of developing microalbuminuria is substantially aggravated \[[@CR3]\]. Another contributor that has been proposed for the development of microalbuminouria, is arterial stiffness and the interplay between micro- and macro-vascular dysfunction. In line with this, several studies have demonstrated an association between microalbuminuria and arterial stiffness in DMII and other populations \[[@CR4]--[@CR6]\]. However, the majority of studies have included patients with long-standing or unclear duration of the disease. Importantly, DMII-related complications, including microalbuminuria and arterial stiffness, increase with disease duration \[[@CR7], [@CR8]\]. Of note, most patients with DMII already suffer from hypertension at the time of diagnosis, which substantially increases the risk for microalbuminuria.

Altogether, it remains unclear as to which extent hyperglycemia, increased blood pressure (BP) and macrovascular dysfunction, contribute to microalbuminuria in the very early stages of DMII, long before the establishment of the disease-related cardiovascular complications. Hence, the aim of our study was to investigate the association of increased UAE with high BP, hyperglycemia and arterial stiffness in a meticulously selected population of newly-diagnosed patients with DMII.

Methods {#Sec2}
=======

We enrolled consecutive patients recently diagnosed with Diabetes Mellitus type II (less than 6 months from diagnosis). We excluded patients with cardiovascular disease or stroke, chronic kidney disease \[glomerular filtration rate (GFR) ≤45 ml/min/m2\], inflammatory diseases, and pregnancy, as well as patients that had or were receiving antidiabetic treatment were excluded, with the only exception of Metformin. DMII diagnosis was documented two impaired glucose tests in separate days \[fasting blood glucose (FBG) ≥ 126 mg/dl and/or 2-h post-load glucose ≥200 mg/dl in oral glucose tolerance test (OGTT, 75 g)\] \[[@CR9], [@CR10]\]. We also investigated medical records of all participants as well as FBG or OGTT values to confirm that they were normal for up to 1 year earlier in order to establish the recent diagnosis of DMII. All participants were Caucasian and gave written informed consent. The study was conducted in accordance with the Helsinki declaration and approved by the local Institutional Ethics Committee.

A thorough medical history was recorded with emphasis on comorbidities and medication use and physical examination was performed. Body mass index (BMI) was calculated in kg/m^2^. Office systolic/diastolic BP (SBP/DBP) was measured with a validated oscillometric device (Microlife Exact BP, Microlife AG, Widnau, Switzerland) in the sitting position according to the guidelines \[[@CR11]\]. Ambulatory BP monitoring (ABPM) was performed in the non-dominant arm, on a working day with a validated oscillometric device Spacelabs 90217A (Spacelabs Medical, Issequah, WA, USA). BP readings were obtained every 20 min during daytime (awake period: 06:00--22:00 h) and every 30 min during night-time (asleep period: 22:00--06:00 h). Subjects were instructed to take note of retiring to bed in a diary. The actual sleep and wake intervals of each patient were redefined according to their statement on the day of device removal. Measurements were used for the analysis only if \> 70% of the recordings were valid. Hypertension was defined according to the guidelines as ambulatory daytime BP ≥135/85 mmHg and/or current antihypertensive medication use \[[@CR11]\].

After completion of the procedures, as analyzed below, blood samples were collected to estimate glycemic state, fasting lipids and renal function. GFR was estimated using the Cockcroft-Gault formula \[[@CR12]\].

- Urinary albumin excretion and microalbuminuria {#Sec3}
------------------------------------------------

UAE was measured with the immuno-turbidimetric method in 24-h urine samples, which is considered as the gold standard for the diagnosis of microalbuminuria \[[@CR13]\]. UAE of 30--300 mg/24 h was defined as microalbuminuria. Participants were advised against strenuous exercise and any change in their usual dietary habits.

- Assessment of arterial stiffness {#Sec4}
----------------------------------

Carotid-femoral pulse wave velocity (PWV) was assessed as the gold-standard measure of arterial stiffness using applanation tonometry with the Sphygmocor device (AtCor Medical, Sydney, Australia). Sequential recordings of the arterial wave were obtained in the carotid and femoral artery and wave transit time was calculated with a simultaneously recorded electrocardiogram. PWV was determined by the distance difference between sternal notch to carotid site and sternal notch to femoral site b divided by time (PWV = Δd/Δt). Participants were advised to abstain from caffeine, smoking and intense physical activity for at least 3 h before the procedure, which was performed in the supine position after a 15-min resting period.

- Statistical analysis {#Sec5}
----------------------

Analysis was performed using the Statistical Package for Social Sciences (SPSS), version 22. Results were expressed as frequencies for qualitative variables and as mean ± standard deviation (m ± SD) or median (1st quartile--3rd quartile) for continuous variables, according to whether they were normally distributed or not. Comparison of frequencies was performed with the Pearson chi-square test for qualitative variables, while mean values were compared with Student t or Mann--Whitney test for continuous variables. Correlation coefficients were calculated with the parametric Pearson or the non-parametric Spearman rank tests, according to the normality of their distribution. The logarithmic mean of the parameter was entered where needed to transform a non-normal distribution to a normal distribution. Multiple linear regression analysis was used to identify independent associations with UAE. A probability value of *p* ≤ 0.05 was considered statistically significant.

### Patient and public involvement {#Sec6}

There was no patient or public involvement in this research study.

Results {#Sec7}
=======

A total of 71 newly diagnosed patients with DMII, 41 males and 30 females with a mean age of 56.6 ± 10.4 years, were included. Baseline characteristics of the study population are depicted in Table [1](#Tab1){ref-type="table"}. Median disease duration from the time of diagnosis was only 1 month. Microalbuminuria affected 15.5% of our population, which corresponded to median UAE values of 7.5 (2.9--17.3) mg. As expected, the majority of our patients (62.0%) presented concomitant hypertension. In particular, 27 patients (38.0%) had a history of long-standing hypertension with median duration of 8 (4--12) years, while 17 (23.9%) were simultaneously diagnosed with hypertension and DMII. Treatment with metformin had been initiated in 47.9%, while 22.5% were receiving renin-angiotensin-aldosterone system (RAAS) inhibitors. Table 1Baseline characteristics of the study populationVariableAll patients\
(***n*** = 71)Hypertensive patients with diabetes\
(***n*** = 44)Normotensive patients with diabetes\
(***n*** = 27)***P*** valueAge (years)56.6 ± 10.457.1 ± 11.355.7 ± 8.90.584Male sex (%)57.759.859.30.840Duration of diabetes (months)1 (0--5)0 (0--3.5)1 (0--6)0.199Fasting glucose (mg/dl)120 (104--137)121 (100.5--133.5)112 (105.5--155)0.691HbA1c (%)6.7 (6.3--7.5)6.7 (6.3--7.4)6.7 (6.3--7.7)0.803Metformin (%)47.945.551.90.600BMI (kg/m^2^)30.3 ± 4.231.1 (28.5--33.8)29.5 ± 3.90.049Duration of hypertension (years)8 (4--12)8 (4--12)ΝΑΝΑOffice SBP (mmHg)137.6 ± 20.5142.5 ± 21.1129.0 ± 16.20.008Office DBP (mmHg)84.0 ± 11.987.0 ± 12.778.8 ± 8.10.002Daytime SBP (mmHg)129.2 ± 16.1134.5 ± 16.7120.0 ± 9.8\< 0.001Daytime DBP (mmHg)79.1 ± 11.582.0 ± 12.874.1 ± 6.30.001Nighttime SBP (mmHg)120.2 ± 16.7125.3 ± 16.9110.2 ± 11.1\< 0.001Nighttime DBP (mmHg)71.3 ± 10.873.9 ± 11.366.3 ± 8.10.007UAE (mg/24 h)7.5 (2.9--17.3)9.1 (3.7--17.8)5.1 (2.5--8.7)0.147PWV (m/s)8.9 ± 1.88.8 (7.3--10.2)8.5 ± 1.30.087Total cholesterol (mg/dl)190.9 ± 38.4191.4 ± 36.3190.0 ± 42.50.880LDL cholesterol (mg/dl)121.2 ± 33.8121.9 ± 29.0120.0 ± 41.20.826HDL cholesterol (mg/dl)41.3 ± 11.141.0 ± 10.941.8 ± 11.80.749Triglycerides (mg/dl)122 (102--174)134.5 (103.5--187)113.0 (102--161)0.208Urea (mg/dl)31.2 ± 6.931.2 ± 7.131.1 ± 6.80.927Creatinine (mg/dl)0.88 ± 0.160.86 ± 0.150.92 ± 0.180.114GFR (mL/min/1.73 m^2^)111.6 ± 34.8116.7 ± 38.0103.4 ± 27.50.126Uric acid (mg/dl)5.4 ± 1.75.5 ± 1.55.2 ± 1.990.458Antihypertensive medication (%)NANARAAS inhibitors (%)22.536.4NANAb-blockers (%)2.84.5NANACalcium channel blockers (%)8.513.6NANA*BMI* Body Mass Index, *SBP* Systolic Blood Pressure, *DBP* Diastolic Blood Pressure, *UAE* Urinary Albumin Excretion, *PWV* Pulse Wave Velocity, *LDL* Low-Density Lipoprotein, *HDL* High-Density Lipoprotein, *GFR* Glomerular Filtration Rate, *RAAS* Renin-angiotensin-aldosterone system, *ΝΑ* Not ApplicableResults are demonstrated as Mean ± SD / Median (IQ range)

Results of univariate correlation analysis of UAE with demographic, metabolic and blood pressure parameters are depicted in Table [2](#Tab2){ref-type="table"}. In this very meticulously selected group of newly diagnosed diabetic patients, UAE correlated with all the known factors, which contribute to its progression in patients with long standing DMII, including HbA1c, FBG, office SBP and DBP, as well as day- and nighttime SBP (Table [2](#Tab2){ref-type="table"}). Although levels of UAE did not significantly differ between diabetics with or without hypertension \[9.1 (3.65--17.8) vs 5.1 (2.5--8.7), *p* = 0.111\], patients who were simultaneously diagnosed with both hypertension and DMII exhibited significantly higher levels of UAE, compared to diabetics who presented long-standing hypertension \[13.3 (9.0--58.0) vs 7.0 (25--7.5) mg, *p* = 0.007\]. Table 2Results of univariate correlation analysis of urinary albumin excretion with blood pressure, demographic, metabolic and biochemical parametersVariabler*P* valueAge (years)− 0.0400.748Duration of diabetes (months)−0.1690.332Fasting glucose (mg/dl)0.2500.040HbA1c (%)0.3300.006BMI (kg/m^2^)0.1760.153Office SBP (mmHg)0.3570.003Office DBP (mmHg)0.3500.004Daytime SBP (mmHg)0.2850.021Daytime DBP (mmHg)0.2350.055Nighttime SBP (mmHg)0.2700.034Nighttime DBP (mmHg)0.2290.073PWV (m/s)0.2870.019Total cholesterol (mg/dl)−0.0650.602LDL cholesterol (mg/dl)− 0.1300.293HDL cholesterol (mg/dl)−0.0980.429Triglycerides (mg/dl)0.0880.481GFR (mL/min/1.73 m^2^)0.3060.013Uric acid (mg/dl)0.0860.497*BMI* Body Mass Index, *SBP* Systolic Blood Pressure, *DBP* Diastolic Blood Pressure, *PWV* Pulse Wave Velocity, *LDL* Low-Density Lipoprotein, *HDL* High-Density Lipoprotein, *GFR* Glomerular Filtration Rate

Moreover, a positive association was observed between UAE and macrovascular dysfunction, represented by PWV (Table [2](#Tab2){ref-type="table"}). When patients were further classified according to the presence of microalbuminuria, PWV was significantly higher in the microalbuminuria group, compared to patients with normal UAE (10.2 ± 1.9 vs 8.7 ± 1.8 m/s, *p* = 0.013). Finally, increasing UAE was associated with renal function, reflected in GFR (Table [2](#Tab2){ref-type="table"}). Non-significant associations were observed between UAE and other cardiovascular risk factors (age, gender, BMI, lipids, uric acid).

Multiple regression analysis for UAE adjusting for glycemia, BP levels, renal function and macrovascular impairment revealed that HbA1c was the only factor that was independently associated with UAE (beta = 0.278, *p* = 0.049), in our population of newly diagnosed patients with DMII (Table [3](#Tab3){ref-type="table"}). Table 3Linear regression model for urinary albumin excretion (UAE) in newly-diagnosed patients with diabetesVariableUnstandardized CoefficientsStandardized Coefficients95% Confidence Intervals for B***P*** valueBSDBetaLower BoundUpper BoundAge (years)−0.4470.757−0.115−1.9621.0680.557Gender−6.93811.601−0.084−30.15916.2830.552Office SBP (mmHg)0.0900.3050.043−0.5200.7000.770BMI (kg/m^2^)29.362112.4090.043− 195.649254.3740.795HbA1c (%)8.6294.2950.2780.03217.2260.049PWV (m/s)2.0403.6030.092−5.1719.2510.573GFR (mL/min/1.73 m^2^)−0.1300.257−0.110−0.6440.3830.614^a^Dependent variable: UAE; Statistic F = 1.033, *p* = 0.418, R^2^ = 0.111, adjusted R^2^ = 0.004*SBP* Systolic Blood Pressure, *BMI* Body Mass Index, *PWV* Pulse Wave Velocity, *GFR* Glomerular Filtration Rate

Discussion {#Sec8}
==========

The most important finding of the present study is that even at the earliest stages of DMII, hyperglycemia emerges as a powerful predictor of increased UAE and seems to negate the well-known detrimental effects of hypertension, compromised renal function as well as macrovascular dysfunction regarding microalbuminuria development and progression. To our knowledge, this is the first study to address the influence of the above factors on microalbuminuria in a carefully selected population of patients with such a short duration of DMII (a median of just 1 month from the time of diagnosis). These results imply that neither the concomitant diagnosis nor the long-standing history of hypertension can overcome the detrimental effect of hyperglycemia even at the very early stages of DMII. Importantly, only patients who were normoglycemic within a year's time prior to the diagnosis were included, in order to verify the recent onset of DMII. Even though the rate of DMII-related microvascular complications increases with the duration of disease \[[@CR7], [@CR8]\] the present study highlights that renal endothelial dysfunction, reflected in increased UAE, rapidly progresses at the time of diagnosis and is mainly triggered by hyperglycemia.

The observed associations of UAE with BP and arterial stiffness merit further attention. Both were strongly and positively associated with UAE in the univariate analysis. However, the strength of these associations was attenuated and they were subsequently rendered non-significant after adjustment for HbA1c (Table [3](#Tab3){ref-type="table"}). Considering the adverse effects of hypertension on UAE and especially the fact that BP in our sample was not optimal, our results point towards metabolic, rather than hemodynamic processes, as the major mechanism underlying the development of microalbuminuria at the earliest stages of DMII. Hence, the relative contribution of hypertension seems to be obscured by hyperglycemia in patients with such recent onset of DMII.

Likewise, the association between arterial stiffness and UAE no longer remained significant after adjustment for HbA1c. Increased arterial stiffness has been proposed as an additional mechanism triggering microalbuminuria in patients with DMII, through increased intrarenal pulsatile stress and enhanced hemodynamic load in the renal tubules and glomeruli induced by large artery stiffening. This concept has been reinforced by several cross-sectional studies demonstrating an independent association between microalbuminuria and arterial stiffness in patients with DMII \[[@CR14]--[@CR16]\]. However, the duration of DMII in these studies was either uncertain or relatively long, and just a single study enrolled patients whose disease duration did not exceed 12 months \[[@CR17]\]. Concordantly, DMII duration exceeded 10 years in a prospective study showing that arterial stiffness was associated with incident albuminuria \[[@CR4]\]. It is thus likely that in long-standing disease, the arterial wall properties within the micro- and macrovasculature have undergone alterations that are mutually linked and reinforced. By contrast, based on our study findings, it is reasonable to presume that in early-stage DMII, the interaction between UAE and arterial stiffness is mediated by hyperglycemia, which appears as the common denominator of microvascular damage.

Mechanisms responsible for microalbuminuria in hyperglycemic state include endothelial dysfunction and chronic inflammation triggered by oxidative stress, inflammatory cytokines and growth factors \[[@CR18]\]. Glycation of structural proteins in DMII, such as collagen and elastin, with the formation of advanced glycation end products (AGEs), affects arterial compliance and has been proposed as an additional mechanism of microalbuminuria \[[@CR19]\]. Since hyperglycemia was identified as the only independent predictor of UAE in our sample, our study suggests that these mechanisms seem to be activated within a few months' time following DMII onset. However, insulin resistance that has been likewise implicated in the genesis of albuminuria \[[@CR18]\], might have been present for a considerable period of time, before the clinical diagnosis of DMII.

The strengths of our study include our meticulously selected population of patients with very short duration of DMII, which is extremely difficult to find in the available literature, and the use of the gold-standard methods for the assessment of UAE and arterial stiffness. Presence of hypertension was not based on conventional office BP measurements, but was verified with 24-h ABPM recordings. Our study is limited by its cross-sectional design and the relatively small sample size. Consequently no conclusions can be deduced from the present study regarding potential associations between UAE and medication. Hence, our study might be considered rather as a pilot study, and further studies with a larger number of participants need to confirm our results. However, the difficulty of identifying patients with such short duration of DMII, who are free from significant comorbidities, needs to be acknowledged.

Conclusions {#Sec9}
===========

In conclusion, our study identified increased HbA1c as the major mediator of renal microvascular impairment at the earliest stages of DMII. In patients with disease onset that does not exceed a few months' time, hyperglycemia seems to obscure the observed associations of UAE with BP, renal function and arterial stiffness. These results stress out the need for early implementation of effective interventions targeting at this powerful modifiable predictor of microalbuminuria.
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